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Introduction – Tip of the Iceberg
Introduction
• Health care expenditures
• $3.8 trillion in 2019
• Grew 4.6% from 2018
• Projected to increase 5.4% annually; faster than GDP
• Value = Outcome/Cost
• Eliminate non-value-adding practices, i.e., waste
• Categories
• Berwick & Hackbarth
• Lean
Healthcare waste
Berwick & Hackbarth, 2012 Lean waste categories
Failures in Care Delivery Defects
Failures of Care Coordination Overproduction
Overtreatment Waiting
Administrative Complexity Non-Utilized Talent
Pricing Failures Transportation
Fraud and Abuse Inventory
Motion
Extra Processing
Joshi, M., Ransom, E., Nash, D., & Ransom, S. (2014). The 
Healthcare Quality Book. Chicago: Health Administration Press.
Eliminating Waste in US Health Care
Berwick, D., & Hackbarth, A. (2012). Eliminating 
Waste in US Health Care. JAMA, p 1515.
Estimated to be $158-226 billion/year
“Reducing waste is by 
far the largest, most 
humane, and 
smartest opportunity 
for evolving an 
affordable health 
care system.” 
Environmental and Health Impacts of US Health Care
• 2003-2013 Economic input-output life cycle assessment model 
(EIOLCA) based on NHE
• Acid rain (12%)
• Greenhouse gas emissions (10%)
• Smog formation (10%)
• Criteria air pollutants/Particulate matter (9%)
• Stratospheric ozone depletion (1%) 
• Carcinogenic and non-carcinogenic air toxins (1-2%)
• 470,000 disability-adjusted life-years (DALY) lost annually because
of health care
Eckelman, M., & Sherman, J. (2016). Environmental impacts of the 
U.S. health care system and effects on public health. PLOS ONE, 
11(6), e0157014. https://doi.org/10.1371/journal.pone.0157014
Surgical and medical 
instrument manufacturing
Waste management and 
remediation
Choosing Wisely® – ABIM Foundation
• 2002 - ABIMF, ACPF, EFIM
• Charter to define professional obligations physicians should embrace
• “Social justice principle” – deliver necessary care while remaining 
cognizant of limited resources
• 2009 – National Physicians Alliance
• List of five behaviors commonly practiced without any meaningful 
benefit
• 2012 – ABIMF, Consumer Reports, and 9 specialty societies 
launch Choosing Wisely®
Society of Hospital Medicine - 2013
• Don’t order continuous telemetry monitoring outside of the ICU 
without using a protocol that governs continuation.
• “Telemetric monitoring is of limited utility or measurable benefit in low risk cardiac chest 
pain patients with normal electrocardiogram. 
• Published guidelines provide clear indications for the use of telemetric monitoring in 
patients which are contingent upon frequency, severity, duration and conditions under 
which the symptoms occur.
• Inappropriate use of telemetric monitoring is likely to increase cost of care and produce 
false positives potentially resulting in errors in patient management.”
• Urinary catheters
• Stress ulcer prophylaxis
• Transfusions
• Repetitive labs
Society of Hospital Medicine. (2013, February 21). Society of Hospital 











• ST changes (ischemia)
• QT intervals
• Overuse
• 2/3 of patients in non-ICU settings
• 35-45% of patients without appropriate indication
• Why?
• Perception of utility




Sandau, K., Funk, M., Auerbach, A., Barsness, G., Blum, K., Cvach, M., . 
. . Wang, P. (2017). Update to practice standards for 






• Maintenance and quality control
• Power (batteries, chargers)
• Disposal
• Contact with patient
• Electrodes
• Pouches
• Skin care (razors, alcohol swabs)
• Paper to record rhythms
• Waiting and patient flow
• Defects and harm
• Alarms
• Troubleshooting
• Misinterpretation of rhythms
• Overtreatment




Guidelines for Telemetry Use
• 2004
• Indications
• Class I – telemetry for most, if not all, patients
• Class II – may be of benefit but is not essential
• Class III – not indicated
• Duration 6 hours - indefinitely depending on indication
Drew, B., Califf, R., Funk, M., Kaufman, E., Krucoff, M., Laks, M., & 
...Van Hare, G. (2004). Practice standards for electrocardiographic 
monitoring in hospital settings: an American Heart Association 
scientific statement from the Councils on Cardiovascular Nursing, 
Clinical Cardiology, and Cardiovascular Disease in the Young. 
Circulation, 110:2721-2746.
Guidelines for Telemetry Use
• 2017 Update
• Clarification of recommendations
• Class I
• Benefit >>>Risk
• Should be performed/administered
• Class IIa
• Benefit >>Risk
• It is reasonable to perform/administer
• Class IIb
• Benefit > Risk




• Not helpful, Excess cost, Harmful to 
patients
• Recommendations based on patient 
population
• Easier to include in hospital order sets




Sandau, K., Funk, M., Auerbach, A., Barsness, G., Blum, K., 
Cvach, M., . . . Wang, P. (2017). Update to practice 
standards for electrocardiographic monitoring in hospital 
settings. Circulation, (136):e273-e344
Telemetry Waste – False Alarms
• Atzema, et al (2007)
• 99.4% rate of telemetry-specific false alarms
• 0.2% of 1,762 alarms resulted in change in clinical 
management
• Drew, et al (2014)
• 88.8% of telemetry-detected arrhythmias in ICU 
were false alarms
• 91% of alarms for ST-segment changes were 
nonactionable
• Dressler, et al (2014)
• 70% of all calls related to technical problems
• Less than 1% of over 7000 calls were arrhythmia-
related emergencies
Telemetry Waste – Alarm and Harm
• 2017 AHA Guidelines - 4 patient populations downgraded 
from Class I to Class IIa for ST-segment monitoring
• “not because we doubt the potential for this technology but 
because recent literature demonstrates a very serious problem 
with false and nonactionable alarm signals”
• “false and nonactionable alarm signals distract the nurse, 
bother the patient, and desensitize clinicians to respond to 
alarms”
Sandau, K., Funk, M., Auerbach, A., Barsness, G., Blum, 
K., Cvach, M., . . . Wang, P. (2017). Update to practice 
standards for electrocardiographic monitoring in hospital 
settings. Circulation, (136):e273-e344
• Kowalczyk (2011)
• 11 deaths directly attributed to telemetry and alarm fatigue
• The Joint Commission – Sentinel Event Alert (2013)
• Clinicians desensitized to competing background noises
• 85-99% of alarms are clinically irrelevant
• “of the 98 alarm-related reported events, 80 resulted in death, 13 in permanent 
loss of function, and five in unexpected additional care or extended stay…all 
were traced back to alarm system issues” 
• The Joint Commission (2021) – National Patient Safety Goal
Telemetry Waste – Alarm and Harm
Telemetry Waste – Harm and Overtreatment
• Knight, et al (1999)- Interventions due to telemetry artifact mimicking
• 3 patients underwent cardiac catheterization
• 9 received unnecessary medications (IV Lidocaine, IV NTG, SL NTG)
• 1 received blood
• 1 had pacemaker placed
• 1 had AICD placed
• 2 given precordial thumps
• All had excessive resource utilization, higher levels of care
• Mohammad, et al (2015)
• Return to spontaneous circulation and survival not improved with telemetry
• Individual evaluation needed to understand full impact of harm and 
overtreatment due to unnecessary telemetry
• Large, multicenter, retrospective study in urban setting
• Estimated nurses time to manage cardiac monitor and perform 
telemetry-related tasks
• 45-90 mins per patient per day
• Cost analysis based on salaries and telemetry-related materials
• Average $82.44 per patient per day
• Analyzed “indicated” (65%) vs. “nonindicated” (35%) days
• Would save nearly $600,000 by eliminating nonindicated days
• Annualized nurse time saved ~6.0 FTE
Telemetry Waste – Time, Motion, and Cost
Benjamin, E., Klugman, R., Luckmann, R., Fairchild, D., & 
Abookire, S. (2013). Impact of cardiac telemetry on patient safety 
and cost. The American Journal of Managed Care, 19(6):e225-e232.
Telemetry Waste – Time, Motion, and Cost
• Large, prospective study
• Nearly 20 mins per patient monitored 
day spent on telemetry related tasks
• Cost estimates based on time motion 
study and call log analysis
• $53.44 per patient per day in excess cost
• Embedded AHA guidelines into CPOE
• 70% reduction in patients/day on 
telemetry
• Saved $4.8 million
Telemetry Waste – Time, Motion, and Cost
Chong-Yik, R., Bennett, A., Milani, R., & Morin, D. (2018). Cost-
Saving opportunities with appropriate utilization of cardiac 
telemetry. American Journal of Cardiology, 122:1570-1573.
• Retrospective analysis, chart review of 250 admissions
• Appropriateness vs inappropriateness 
• Admission
• Duration
• Incremental, fixed, and variable costs based on mapping
• Time-driven activity-based costing model
Telemetry Waste – Time, Motion, and Cost
Chong-Yik, R., Bennett, A., Milani, R., & Morin, D. (2018). Cost-
Saving opportunities with appropriate utilization of cardiac 
telemetry. American Journal of Cardiology, 122:1570-1573.
Telemetry Waste – Time, Motion, and Cost
Chong-Yik, R., Bennett, A., Milani, R., & Morin, D. (2018). Cost-
Saving opportunities with appropriate utilization of cardiac 
telemetry. American Journal of Cardiology, 122:1570-1573.
• Time-driven activity-based costing model
• Retrospective analysis, chart review of 250 admissions
• Appropriateness vs inappropriateness 
• Admission
• Duration
• Incremental, fixed, and variable costs based on mapping
• 76.5% Inappropriate telemetry days
• Telemetry day $34.31 more than nontelemetry day
• Save ~$528,000 per year by eliminating inappropriate telemetry utilization
Project Design





• Director of Critical Care and Cardiac Services
• Director of Pharmacy and Lead Pharmacists
• Director of Healthcare Information Technology 
and Lead CPOE Clinical Specialist
• Director of Quality and Patient Safety




• Physician Champion/Green Team Co-Chair
• Met monthly and ad hoc
• Stakeholder analysis
• Aim
• Safely decrease percentage of 
patient days on telemetry by 50% 
within 6 months of protocol 
implementation
• Systems approach
• Model expands upon structure, process, outcome
• Breakdown each component to consider all pertinent factors
• Understand interactions between the components
• Multidisciplinary
• Focus on systems, human factors, and quality
Systems Engineering Initiative for Patient Safety (SEIPS)
Carayon, P., Schoofs Hundt, A., Karsh, B.-T., Gurses, A. 
P., Alvarado, C. J., Smith, M., & Flatley Brennan, P. 
(2006). Work system design for patient safety: the SEIPS 
model. Quality and Safety in Healthcare, i50-i58.
Telemetry as a Tool in SEIPS Model
Carayon, P., Schoofs Hundt, A., Karsh, B.-T., Gurses, A. 
P., Alvarado, C. J., Smith, M., & Flatley Brennan, P. 
(2006). Work system design for patient safety: the SEIPS 
model. Quality and Safety in Healthcare, i50-i58.












• Technologies and tools
• Monitor





















of patient days 
on telemetry by 




















• Education sessions, laminate cards at computer 
stations, provide updates and be transparent
• Change the way telemetry is viewed, be visible and 
supportive, reassure
• Forcing functions; make the right thing easy to do
• Evidence-based order sets
• Embed fixed duration into CPOE
• Re-evaluate necessity routinely; open dialogue
• Indefinite continuous cardiac monitoring is no 
longer an option
• Close loopholes if renewing is appropriate
• Make it easy to discontinue; create override
• Prompt need for renewal and reassess routinely
• Provide updates and be transparent
• Process-driven; make less subjective
• Empower the Gemba
• Change the way telemetry is viewed
• Be present, supportive; no blame
• Forcing functions; make the right thing easy to do
• Assess for work-arounds
Telemetry Protocol
• Leveraged CPOE and EMR to 
embed 2004 AHA guidelines
• Initiation - forced function
• Duration
• Class I  72 hours
• Class II 48 hours
• No Class III
• No option for indefinite duration
• Discontinuation
• Medication Drew, B., Califf, R., Funk, M., Kaufman, E., Krucoff, M., Laks, M., & 
...Van Hare, G. (2004). Practice standards for electrocardiographic 
monitoring in hospital settings: an American Heart Association scientific 
statement from the Councils on Cardiovascular Nursing, Clinical 
Cardiology, and Cardiovascular Disease in the Young. Circulation, 
110:2721-2746.
Telemetry Protocol - Initiation and Duration
• Forced function - Reason
• All order sets
• All separate orders for 
telemetry
• Drop down box
• “Other reason for 
telemetry”
• Duration pre-determined
Telemetry Protocol - Discontinuation
• Nurse-driven EMR intervention
• Series of 5 questions




• Renewal set for 24 hours if patient met criteria
• Forced daily re-assessment intervention
• Provider could discontinue telemetry at any point if patient’s 
clinical status improved - order made easier
Telemetry Protocol - Discontinuation
Medications
• Alert embedded in CPOE 
and EMR protocol if 
telemetry indicated
• Keep patients safe
• Attempt to alter provider 
ordering  behavior
• Limit high-risk 
medications
• Transition to oral 
equivalents
Implementation
• Series of lectures during first 
6 months of study
• Emails from administration
• Laminated cards at computer 
stations
• Online interactive sessions
• All patients admitted to non-
ICU beds
• Excluded obstetrics and 
pediatrics





• Present during nurse-driven 
discontinuation intervention
Anticipated Barriers - Resistance
• Competence with rhythm strips
• Confidence in interpretation
• Fear of rebuke
Nurses
• Element of surprise
• Jolt into consciousness
• Autonomy
Physicians
Kanter, R. (2012, September 25). Change Management: Ten Reasons 
People Resist Change. Harvard Business Review.
“Changes to any aspect of the work 
system will, depending on how the 
change or improvement is designed and 
implemented, either negatively or 
positively, affect the work and clinical 
processes and the consequent patient, 
employee, and organizational 
outcomes” (Carayon, et al., 2006, p. i51).
Results
Baseline Data
• Average of 62% of hospitalized patients on telemetry daily
• Roughly 60% of patients routinely admitted with telemetry
Results – First 6 Months
Lectures and emails began
Results – Study Period
Protocol Go-Live 9/19/17 
• 44% reduction in patient days with telemetry from 62% to 35%
• No change in number of Code Blue or RRT activations
Results - Admissions
Protocol Go-Live 9/19/17 
%Admit Orders with Telemetry
• 32% reduction in admit orders with telemetry from 59.4% to 40.3%














































Average Annual Battery Usage
Before protocol After protocol
Telemetry Related Materials
• ~$6,700 annual savings
• 23,000 batteries eliminated from 
waste cycle when annualized
Limitations
• Generalizability








• Multiple systems-level 
interventions
• Unable to pilot due to nuances of 
patient flow and EMR
• Updated AHA guidelines published 
after protocol implementation
Limitations - Telemetry Waste and Overtreatment
• Alarm and harm





• Patient skin care
• Patient satisfaction
• Manufacturing of device
• Storage
• Maintenance and quality control
• Cleaning





• Savings in range $451,000-700,000 annually for one small, 
community hospital
• Time conservation minimum of 4,161 hours or 2.0 FTE 
annually
Sustainability
• Sustained average 34.4% for one 






• Unified task force
• Results routinely updated and 
shared
Protocol Go-Live 9/19/17 
Possible Next Steps
• Incorporate new AHA guidelines
• Adjust existing duration
• Remove telemetry option from non-cardiothoracic order sets
• Ongoing education and evaluation
• Visual display of results and continuous process improvement 
efforts
Conclusion
• Significant and sustained 44% reduction of patient days with 
telemetry using systems-based approach
• Created effective care by using evidence-based guidelines and 
models to avoid overtreatment
• Improved efficiency by removing cost and waste
• Value-enhancing project done safely without any change in 
balancing measures
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